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OBJECT

To develop red and yellow marker warheads for the 2.75-inch rocket
system.

SUMMARY

Development of the XM152 red marker warhead and XM153 yellow marker
warhead for the 2.75 inch Folding Fin Aircraft Rocket (FFAR) was success-
fully accomplished in eight weeks. This report presents the results of
static tests conducted at Picatinny Arsenal and ballistic tests at other in-
stallations during this program and in related investigations.

Because of time limitations, many phasesof the investigation could not
be carried out as thoroughly as might perhaps have been desired. Never-
theless, a workable item was developed, and a cost savings of $627,000
(for FY 65) was realized. The ideas tried are presented here together
with relevant test results. A sketch of the color marker warhead configu-
ration adopted by the Army and a copy of the accompanying s pecifications
are included in the report.

CONCLUSIONS AND RECOMMENDATIONS

This program proved that the implosion-type warhead has a definite fu-
ture in the pyrotechnics field. The round seems to have a fuzing problem
since ground-impacted warheads do not produce as favorable results as do
tree-impacted warheads. It can be concluded that a proximity fuze would
be best for this type of warhead.

Much could be said in favor of having special warheuds for these special
payloads rather than using the standard HE metal parts. A larger payload
could be carried and the bursting charge could be greatly reduced.

If the standard XM151 metal parts configuration is to be used, a special
investigation should be conducted to determine the effects of the salt in
shielding the dye. The slurry blending of dye and salt shows excellent
potential. This method should be reviewed and a develnpment program
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should be established to find the optimum loading density (which has been
found to affect the results drastically).

In future work, care should be taken to conduct sufficient flight tests in
conjunction with the static development tests to ensure that the warhead
and the fuze are better matched to produce an air burst.

To provide the volume and duration of smoke desired for marking targets,
it is recommended that a combination package be developed which will give
a large instantaneous cloud and then provide a sustained smoke. This
dual package would be very difficult to design economically for the 2.75-
inch rocket since the diameter limits the payload. In future development
projects, therefore, a larger diameter system should be considered.

INTRODUCTION

The T2026 color mark.r warhead for the 2.75-inch FFAR was shippedto
an overseas agency after an abbreviated loading and testing program at
Picatinny Arsenal. These items were found to have many deficiencies in
such characteristics as fuzing, cloud color, and cloud persistency. The
dye was cast loaded into the standard metal parts of the 6-pound Mk 1, Mod
1, 2.75-inch rocket head, drawing No. 660853 (see Fig 1, p 24). A center
cavity was drilled and loaded with explosive to be initiated by a tetryl
booster pellet (Fig 2, p 25).

The user, recognizing the deficiencies of this warhead, nevertheless had
the item classified Limited Production (LP) and placed an order with Pica-
tinny for 20,000 yellow and 5,000 red rounds.

PROGRAM HISTORY

An order was placed with Picatinny for 5,000 red and 20,000 yellow
2.75-inch color marker warheads. The loading characteristics of the T2026
round were such that Picatinny was forced to look for new techniques by
which to fill the order. Some encouraging results were obtained by using
an ‘‘implosion’’ desigy, ihat is, having the explosive surround the payload.
This technique was first advocated by Dr. G. D. Heath of England in 1951.
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A program was initiated, to last no longer than 8 weeks, for complete
development of the implosion round and preparation for the loading of the
ordered items. The loading was carried out on schedule, and various sup-
porting investigations and related programs were carried to completion, as
nearly as limited funding would pemit.

The 2.75-inch implosion-type head was later adopted by the commodity
manager in preference to the explosion-type head (see Fig 1). The implo-
sion-type head is credited with the following characteristics: equal or
better fragmentation; a better cloud in shape, color, and consistency with
one-third of the dye previously used; the use of dye compositions that have
not been reported to be carcinogenic.

TESTS CONDUCTED

More than 250 static tests were conducted at Picatinny Arsenal to de-
termine the feasibility of the ‘‘implosion’’ concept. Table 1 (p 10) shows
the many combinations of dye, salt, and explosives that were tried in order
to find the optimum combination. Engineering Design (ED) tests of the
2.75-inch FFAR, XM152 and XM 133 color marker warheads were conducted
in September 1964 and reported in Aberdeen Proving Ground Firing Record
3574 (Appendix C). In addition to the ED tests, a firing demonstration was
held at Fort Benning. The results of this demonstration are reported in the
“‘Discussion’’ section of this report.

DISCUSSION

When the order for the initial 25,000 color marker rounds was received at
Picatinny Arsenal, a program had already been initiatedby the Pyrotechnics
Laboratory to examine the procedure for loading the 2.75-inch FFAR T2026
color marker warhead (explosion-type warhead, see Fig 2).

During examination of the T2026 wurhead, various procedures were tried
to form a cavity in the dye pellets. This cavity was successfully formed
by the use of nylon formers. The explosive is placed into the cavity in a
subsequent operation. In static tests of the explosion-type
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warheads, however, burning of the dye was observed (see Table 1, p 10).
A further attempt to replace the baratol explosive with photoflash burster
tubes yielded unsatisfactory results (see Table 1, pp 10 and 17).

Because unsatisfactory results had been obtained with both the explosion-
type warhead and the photoflash design in the static tests, a decision was
made to investigate an implosion-type color marker warhead design. Basi-
cally, the design of an implosion-type color marker warhead consists of cast
loading the explosive into an empty warhead and forming a central cavity in
the explosive. The dye pellet and salt are then placed in the cavity, with
the salt separating the dye from the explosive (see Fig 2).

At first, an attempt was made to cast the salt and dye together in a pellet;
however, it was observed during a pilot-lot casting operation that the salt
settled out of the dye-salt mixture. This result was undesirable. Table salt
of the type sold in grocery stores had been used in the initial mixtures of
dye and salt. The next atteupt was to replace the table salt with rock salt
in the mixing operation. The procedure of melting the dye in a Dow Therm
Unit and adding the rock salt under mechanical agitation, however, still did
not prevent the salt from settling out. The ‘‘slurry’’ method of dye pelleting
was subsequently developed to eliminate the settling-out problem.

The initial design of the implosion-type rounds did not completely eliminate
the burning, and an effort was made to shield the dye from the heat of explo-
sion with materials other than salt. The following combinations were tried:

~ i e
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Coolant Results Page No.
ZnO powder Unsatisfactory 10
Stearic acid Unsatisfactory 10
Aluminum tubing and stearic acid Unsatisfactory 10
NaCl powder Satisfactory 10
Plastic tubes Unsatisfactory 11
Salt in explosive Unsatisfactory 11, 13
NaCl with stearic acid Satisfactory 12, 19
Polychloronaphthalene and NaCl Unsatisfactory 12
Fire clay Unsatisfactory 12
Rock salt and stearic acid Satisfactory 12, 14, 17
NaCl in dye Satisfactory 13
Salt slurry with dye Satisfactory 18, 19, 20
Zinc and boric acid Unsatisfactory 18
Uranine, aluminum, and gelatin Unsatisfactory 18
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The results of the static tests conducted at Picatinny Arsenal indicated
that sodium chloride (NaCl) and, in particular, rock salt are the best coolants
for use in the implosion-type warhead design. The results of the static tests
(see Table 1, pp 14 and 15) coupled with the improved peileting operation in-
fluenced the decision to use rock salt instead of the ‘‘free running’’ table
salt. Because of time limitations, the salt was not chemically analyzed to
determine the reason for the above results. The general contention was that
the chemicals put in the table salt for iodization pui, oses had caused the un-
desirable smoke cloud effects.

Many of the development ideas were guided by the theory that the explo-
sive had to sublime the dye and disperse the salt, with the dye recondensing
on the salt crystals to form the cloud. Some of the concepts that were at-
tempted were:

1. The positions of the explosive and the payload in the shell were re-
versed (see Table 1, p 11).

2. The salt wasintroduced into the explosive rather than being made to
surround the dye (see Table 1, pp 11 and 13).

3. Production-type high explosive rounds loaded with HB-6 explosive
were investigated to determine their suitability for use as vehiclesto carry
a modified color marker warhead. However, the results of the testing of
these rounds were unacceptable (see Table 1, p 19).

Since the most promising test results were obtained from rounds using the
implosion concept, a crash development program to make it suitable for pro--
duction was initiated. An attempt was made to cast the dye sticks for in-
sertion into the center cavity; however, the production problems were im-
mense and a decision was made to pellet the dye and salt separately. This
design would place the dye pellet inside of the salt pellet, which in turn
would be adjacent to the explosive. A variety of different dye pellet binders
were used, such as polychloronaphthalene (PCN) and stearic acid (see Table
1, p 12. The most promising results weare obtained from the use of stearic
acid conforming to specification PA-PD-2591 (see Appendix B).

Another area that required investigation was the dye content of the war-
head. It was evident to engineering personnel that, by increasing the dye
content, a larger and possibly improved cloud could be obtained from the
detonation. Since the size of the cavity into which the dye pellet was to




be placed could not be changed, attempts were made to increase the dye . '
volume by pressing the pellet under the maximum loading pressure that the
loading press would allow; however, the static test results for these pel-
lets were extremely poor, resulting in small clouds with poor color. Hence, "
the loading pressures for the dye pellets were reduced until a satisfactory
smoke cloud was obtained in static tests. Insufficient time precluded in-
vestigating the cause and results of the loading pressures (see Table |,
pp 15 and 16). Specification PA-PD-2591, Revision |, Amendment 2,
18 June 1965, defines the loading densities used in the production rounds.
r

The pelleting of the dyes was not the only problem.  The actual dye
content was investigated thoroughly. [t was found that the red dye, known
chemically as l-methylaminoanthraquinune, could contain up to 17%
dextrin. It is known that the dextrin, which is added as a filler, helps

e

burn up the dye since it is a fuel. This problem was eliminated by using
a red dye with no dextrin in 1t, conforming to Pi/alinnydrsenal Specifica-
tion PA-PD-382. T

At the same time, the yellow dye used in the 12026 head, dimethyl-
aminoazobenzene, was found to be carcinogenic. A new yellow dye had

v
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to be found. The amount of testing done to find a new yellow is shown in
Table 1, p 15. The best results were obtained by combining indanthrene
yellow dye and benzanthrone yellow dye (see Table 1, pp 12 and 14). In
addition, various dye combinations were tried during the program, includ-
ing the use of stabilized red phosphorus, to produce a white cloud (see
Table 1, p 20). A special effort was made to produce fluorescent mate-
rials for use in the implosion-type round, but without success (see Table

1, pp 13, 18, and 19).

The development program and static tests resulted in the adoption of an
implosion-type color marker warhead. The assigned nomenclature for the two
warheads are as follows: XM152 red marker warhead and XM153 yellow marker

warhead for the 2.75 inch FFAR.

Acceptance tests of the XM152 and XM 153 colored marker warheads for
the 2.75 inch FFAR were conducted on 21 September 1964. Although the re-
sults of these tests were satisfactory, further experimentation was carried out
and a new and improved method of blending the salt and the dye was examined.
The reason for this experimentation was the continued difficulty that was
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encountered in loading the color marker warhead. A wet blend was se-
lected, and the process was named *'slurry blending.'* The static test re-
sults were encouraging (see Table 1, pp 18 and 19), and further development
was conducted to adapt the test to the 10-pound hardware as shown on Pica-
tinny Arsenal drawing P-135046 (see Fig 3, p 26). This development work
was completed during the fourth quarter of FY 65, and static tests at Pica-
tinny were begun un 23 July 1965. The results of this testing are shown in
Table 1, pages 19 and 20.

An Engineering Design (ED) 1est for safety release was next conducted
on the implosion-type design, using the XM152 and XM153 color marker
warheads. The facilities at Aberdeen Proving Ground, Maryland were used
for this purpose. The results of the ED tests are reported in Appendix C.

In addition to the ED tests, a firing demonstration was held at Fon
Benning, Georgia on 25 and 26 September 1964. The color marker warheads
were fired from a UH-1 helicopterinto the target areas. The results of this
demonstration were as follows:

1. Twenty-five color marker warheads, 13 XM152 and 12 XM153, were
fired at grouped silhouettes and open areas. All 25 warheads functioned
properly with no apparem duds. Of the 25, only one XM152 gave a satis-
factor’ red cloud. One other XM152 warhead formed a very light pink cloud
upon impact but this level of performance was considered unsatisfactory.
Examination of the impact area showed that the XM152 and XM153 warheads
had penetrated 8 to 12 inches into the ground before detonating. A consid-
erable amount of dust was formed as a result of this penetration. This dust
was seen by observers as contaminating the red and yellow smoke clouds.

2. In addition, a number of high explosive rocket warheads were fired
from the helicopters. The clouds produced by these warheads were simi-
lar in size to the clouds of the color marker warheads. The clouds were
dull grey in color. This observation leads one to believe that dust result-
ing from the impact is a major contaminant in the color marker smoke cloud.

3. The shrapnel hits on the silhouettes produced by the 2.75-inch war-
heads (XM152, XM153, and high explosive) were unsatisfactory. Three
targets in Group | (targets positioned ten meters apart) had only one or two
hits from the shrapnel. No targets were hit in Group 2 (targets positioned
twenty meters apart).
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A series of tests was conducted at Aberdeen Proving Ground between
9 December 1964 and 19 January 1965 for the purpose of comparing the
XM 152 (implosion design) and the T2026 (explosion design), using both the
Mk 178 and XM423E1 fuzes. The procedure used and the results obtained
are described in Aberdeen Proving Ground Firing Record R-3612 (see
Appendix D).

The tests at Aberdeen Proving uround and Font Benning pointed out the
still unresolved problems of the color marker warheads. The major problem
was that of unsatisfactory color and dirt contamination in the smoke clouds
produced by rounds which impacted on open ground or other soft media. |t
was theorized that the unsatisfactory condition of the smoke clouds was due
to the slow functioning of the XM423 fuze. In order to circumvent the slow-
acting fuze, a fuze extension was designed for use with the color marker
warhead and the XM423 fuze. This fuze extension was placed between the
warhead and the fuze (see Fig 3).

A test was conducted at Picatinny Arsenal on 9 March 1965 by the War-
heads and Special Projects Laboratory to determine the effect on the smoke
cloud of burying the color marker warhead. ‘The warheads were buried to
various depths. Unburied warheads were used as controls.  The results of
the test indicate that the amount of dirt contamination in the smoke cloud is
directly proportional to the depth of burial.

A special series of static tests were conducted at Picatinny Arsenal to
detemmine the detonation times of the color marker warheads.  [he first set
of tests was the detonation of the 2.75-inch XM153 FFAR color marker war-
head with the XM423 fuze. These rounds were taken from the production
line at Picatinny Arsenal. The detonation times in microseconds were 46,
48.2, 17, 48.9, and 49. The next series of tests also involved XM153 war-
heads with XM423 fuzes, but Composition B explosive was used instead of
baratol. The detonation times in microseconds that were obtained in this
series of tests were 8~ {ollows: 35,4, 35.6, 37.2, 34.3, and 34.6. Compo-
sition B was used as the explosive for purposes of comparison only. This
explosive is not used in color marker warheads because of the tremendous
heat that it generates when detonated. This heat would have a deleterious
effect on the dye pellets. The third and last series of tests involved the
detonation of the standard XM153 warhead with the XM423 fuze and a spe-
cial 6-inch-long fuze extension that was filled with PB-RDX eaplosive. The
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detonation times in microseconds for these rounds were as follows: 55.8,
55.6, 54.6, 55.0, and 56.1. These times were compared with the impact
velocity of the XM 153 warhead and the XM423 fuze (without {uze extension).
The comparison of the test results proved that the firing train in the round

is fast enough to detonate high order before burial of the round can take
place.

Arrangements were then made with Aberdeen Proving Ground to ground
launch the XM153 color marker warhead with XM423 fuze and special
b-inch fuze extension described previcasly.  The results of this

test program are shown in Table ¢ . '1) and Appendix E. The test pro-
gram indicated that the addition e fuze extension did not increase the
size of the cloud nor im » .. sior upon impact against ground, trees,

nr water.  There was consi e dirt contamination in the smoke ¢loud
regardless of whether or not the fuze extension was used.  An analysis of
the test results showed that a quicker acting fuze is required for point or
above-ground initiation.  This analysis is based on the personal observa-
tion of the Pyrotechnics Laboratory representative present at the test.  The

official firing record is included in this report as Appendix E.
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! Round
No.

6W
™
aw
2W

2A
8A
oW
16
7A

17
13
18
3A

6A
1A
2A
3A

21

Firing
Date

31 Mar 64
31 Mar 64

31 Mar 64
31 Mar 64

31 Mar 64
31 Mar 64
31 Mar 64

31 Mar 64
31 Mar 64

31 Mar 64
31 Mar 64
31 Mar 64
31 Mar 64

31 Mar 64

31 Mar 64
31 Mar 64
31 Mar 64
31 Mar 64

31 Mar 64
31 Mar 64
31 Mar 64
31 Mar 64
31 Mar 64
31 Mar 64

31 Mar 64

Round
Type

Expl
Expl
Expl
Expl

Expl
Expl
Expl
Impl
Imp!

Impl
Impl
Impl
Impl

Impl

Impl
Impl
Impl
Expl

Impl
Impl
Expl
Expl
Expl
Expl

Impl

Weight of
Explosive, b
Baratol  Tetryl
Note |
Note |
Note |
Note 1
.96 .02
.85 .02
Note |
1.14 .02
1.18 .02
1.15 .02
1.13 .02
1.13 .02
1.14 02
1.15 .02
1.15 02
1.15 .02
1.13 02
.96 .02
1.15 .02
1.13 .02
1.01 .02
.98 .02
.96 .02
.95 .02
1.14 .02

Note 1. Photoflash burster tubes.

TABLE 1 |

Results of Picatinny Arsenal static testsof color marker wo‘

Coolant D
Weight, a
Type ib Binder Type

Aluminum tubing Red
Aluminum tubing Red
Aluminum tubing Red
Aluminum tubing Red
NaCl 116 None Red
None - Stearic acid Red
Aluminum tubing - - Red
Z.n0 powder 09 None Red
Aluminum tubing .04 Stearic acid Red
NaCl .056  None Red :
Aluminum foil NA None Red .
Aluminum tube A7 None Red |
Aluminum foil NA None Red .
Aluminum tube L1 None Red
7.n0 powder 10 None Red
Aluminum tube A7 None Red
4.nQ powder 10 None Red
NaCl A2 None Red
NaCl .05 None Red X
Aluminum foil NA None Red o
NaCl 12 None Red i
NaCl A2 None Red o
NaCl 11 None Red !
NaCl 12 None Red o
NaCl, 10ux 14 None Red "

Red dye is 1-methylaminoenthraquinone suppliedby General Aniline & Film Corp.

Round numbers 6, 7, 8, 9, & 10 had pelleted dye (1.245" diam x 1" high), 6 each per shell, density of 1.10 g/cc.

-‘“ﬂp-"——
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All other dye filler
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TABLE 1

Batic tests of color marker warheads for the 2.75-inch rocket

Dye
Weight,
Binder Type Ib Manufacturing Information
Red
Red
Red
Red
None lRed 164
Stearic acid Red .56
= Red -
None Red .26
tearic acid Red .19
one R 1 .204
one Red .29
one Red .26
None Red .29
Vone Red .25
Vone Red .25
\one Red .25
Vone Hed .25
Vone Red .48
\one Red .20
ione Red .29
lone Red .48
lone Red .48
lone Red 47
lone Red .48
lone Red .25

' 1.10 g/cc.  All other dye fillers were cast.

Test Results

Red & white smoke
White smoke

It was decided after com-
pletion of tests that
White smoke flash in ctr| photoflash did not propa-
White smoke cloud gate fast enough andalso
burned the dye

Good red cloud. Bright flash ignition

Punk. Bright flash ignition, fast dissipation
White smoke cloud. Flashing in center

Dirty pink. Poor cloud, low order detonation

Dirt cloud. Bright flash in ctr. Very fast dissipa-

tion.

Small dirty cloud. Sharp detonation

Small cloud

Fair size cloud in 5 mph wind

Red & white smoke. Very fast dissipation, 8 mph
wind

Pink & white. Flashing in ctr, poor cloud, very
fast dissipation

Poor cloud, very fast cloud dissipation

Fast dissipation, poor cloud, 10-15 mph wind

Fast cloud dissipation, 8 mph wind

Yellow ctr, fair red. Fast dissipation in 10-15 mph
wind

White & red color. Fast dissipation

Pink with black ctr. Burning took place

Good red. Fair cloud, good duration, 10 mph

No camera coverage to speak about

Red color. Very good cloud, bright flash ignition

Red color, yellow ctr. Fast dissipation of fair
size cloud in 10-15 mph wind

Red, black ctr. Fair cloud

10
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TABLE 1 (cont)

Weight of Coolent
Round Firing Round Explosive, |b Weight,

No. Date Type Baratol Tetryl Type Ib Binder Tyr
22 31 Mar 64 Impl .14 .02  NaCl, 104 15 None Red
23 31 Mar 64 Impl 1.15 .02  NaCl, 10 14 None Red
4A 23 Apr 64 Expl .99 N4 NaCl .11 None Red
5A 23 Apr 64 Expl .93 .014 NaCl 12 None Red
24 23 Apr 64 Impl 1.13 .014 NaCl, 104 .15 None Red
25 23 Apr 64 Impl 1.15 .014 NaCl, 104 15 None Red
9 23 Apr 64 Impl 1.14 .014 NaCl 14 See footnotes Yellc
10 23 Apr 64 Impl 1.13 .014 NaCl A3 None Gres: [!
4 23 Apr 64 Impl 1.14 .014 NaCl 14 None Red
5 23 Apr 64 Impl 1.13 .014 NaCl .16 None Red
14 23 Apr 64 Impl 1.13 .014 NaCl 17 None Red
15 23 Apr 64 Impl 1.13 .014 NaCl .16  None Yello
19 23 Apr 64 Impl 1.13 .014 NaCl .16  None Yello
20 23 Apr 64 Impl 1.15 .014 NaCl A5 None Yello
S1 7 May 64 Expl NA .014 NaCl NA  None Red
$2 7 May 64 Expl NA .014 NaCl NA  None Red
i61 7 May 64 Impl 1.13 .014 NaCl NA None Red
162 7 May 64 Impl 1.13 .014 NaCl NA  None Red
163 7 May 64 Impl 1.13 .014 NeCl NA  None Red
101 7 May 64 Impl 1.4 .014 NaCl NA None Red
102 7 May 64 Impl 1.14 014 NaCl NA  None Red
Red dye is 1-methylaminoanthraquinone supplied by General Aniline & Film Corp. Dye pe
Yellow dye is yellow No. 4 (1 part HVT yellow, 2 parts benzanthrone, cast with salt and stearic acid) supplied shell, id
by North American Dye Co. Green .

with @

Yellow dye in plastic tubes is same mixture as above with no binders added.

11
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TABLE 1 (cont)

Manufacturing Information

Cast dye

Cast dye

Cast dye

Dve in plastic tubes
Dye in plastic tubes
Dye in plastic tubes
Dye in plastic tubes
Dye in plastic tubes
% inch tetryl booster
% inch tetryl booster
Salt in explosive

Salt in explosive
Salt in explosive

% inch tetryl booster
Y inch tetryl booster

Test Results

Good red. Good size cloud

Red, black ctr. Good size and consistency

Good red. Good size and consistency

Red, black ctr. Fair size and consistency

Red, black ctr. Excellent consistency

Red, small blk ctr. Good red (intense cloud con-
sistency)

Yellow, black ctr. Small cloud with poor consist-
ency

Good green. Fair size and good consistency

Red. Fair size and consistency

Red & black. Poor results

Red & black. Poor results

Black & yellow. No cloud
Black & yellow. Small cloud
Black & yellow. Small cloud

Red. Low order

Red. Low order

Buming, poor color. Flashing, low order (no
heat shield)

Burning, poor color. Flashing, low order (no
heat shield)

Buming, poor color. Flashing, low order (no
heat shield)

Poor red, burning. Flashing, low order

Poor red, burning. Flashing, low order

Dye pellets were pressed when dye was not cast or in powder form. Pellets were 1.245" x 1", 6 each per

Dye
Weight,

Binder Type Ib
None Red .25
None Red .25
None Red .46
None Red .48
None Red .28
None Red .25
See footnotes Yellow .07
None Green .10
None Red 14
None Red .08
None Red .08
None Yellow .06
None Yellow .06
None Yellow .06
None Red NA
None Red NA
None Red NA
None Red NA
None Red NA
None Red NA
None Red NA

id) supplied shell, density of 1.10 g/cc.

Green dye is smoke green No. 4 (7 parts oil green No. 3, 2 parts benzanthrone, 1 part HVT yellew & salt
with stearic acid) supplied by North American Dye Co.




Weight of

Round Firing Round  Explosive, |b

No. Date Type Boaratol Tetryl
103 7 May 64 Impl 1.14 014
104 7 May 64 Impl NA .032
105 12 May 64 Impl 1.02 .032
106 12 May 64 Impl 1.C4 .032
107 12 May 64 Impl 1.04 .03
108 12 May 64 Impl 1.05 .06
109 12 May 64 Impl 1.07 .06
113 12 May 64 Impl 1.06 .06
114 12 May 64 Impl 1.07 .06
115 12 May 64 Impl 1.04 .06
137 12 May 64 Impl 1.07 .06
138 12 May 64 Impl 1.08 .06
139 12 May 64 Impl 1.04 .06
116 12 May 64 Imp! 1.03 .06
117 12 May 64 Impl 1.07 .06
118 12 May 64 Impl 1.04 .06
119 12 May 64 Impl 1.03 .06
120 12 May 64 Impl 1.05 .06
121 12 May 64 Impl 1.07 .06
122 12 May 64 Impl 1.06 .06
123 12 May 64 Impl 1.07 .06
124 12 May 64 Impl 1.02 .06
125 12 May 64 Impl 1.04 .06

Red dye is 1-methylaminoanthraquinone supplied by General Aniline & Film Corp.

TABLE 1 (cont)

Coolant
Weight,
Type Ib Binder Type
NaCl NA None Red
NaCl, 10y .18 None Red
NaCl, 10u .18 None Red
NaCl, 10u .18 None Red
NaCl, 10u« .22 2% stearic acid Red
NaCl, 104 .23 2% stearic acid Red
NaCl, 104« .20 2% stearic acid Red
NaCl, 10u 222 5% stearic acid Yellow
NaCl, 104 22 5% stearic acid Yellow
NaCl, 104 21 5% stearic acid Yellow
NaCl, 104 .23 5% stearic acid Yellow
NaCl, 10u .24 5% stearic acid Yellow
NaCl, 10u .24 5% stearic acid Yellow
PCN & NaCl .29 None Yellow
& SA
PCN & NaCl .28 None Yellow
& SA
PCN & NaCl .29 None Yellow
& SA
Fire clay, 10y ol None Yellow
& SA
Fire clay, 104 27 None Yellow
& SA
Fire clay, 10u4 20 None Yellow
& SA |
Rock salt, 104 .20 5% stearic acid Yellow %% .
& SA
Rock salt, 104 .20 5% stearic acid Yellow 1% :
& SA
Rock salt, 10u« 21 5% stearic acid Yellow 1% :
& SA
NaCl, 104 .16 None Red Non

Yellow dye (s yellow No. 4 (1 part HVT yellow, 2 parts benzanthrone) supplied by General Aniline & Film Corp.

Rock salt is Sterling Retsof FCA rock salt supplied by the International Salt Company, Clarks Summit, Pa.

A

Dye pellets
110 g/ce. 3l

PCN is poly., |

SA is steari:



TABLE 1 (cont)

Binder

stearic acid
stearic acid
stearic acid
stearic acid
stearic acid
stearic acid
stearic acid
stearic acid
stearic acid

bne

[

one

one

one

one

cne

% stearic acid
% stearic acid

% stearic acid

ne

ilm Corp.
, Pa,

Dye
Weight,
Type Ib Manufacturing Information Test Results
Red NA % inch tetryl booster Poor red. Flashing. Low order
Red .28 Cast dye
Red .28 Cast dye Pink. Flashing, poor cloud
Red .28 Cast dye Pink. Flashing, burning, poor results
Red .21 Poor red. Flashing, fair size cloud
Red 21 Fair red. Fair size cloud, good consistency
Red 2l Goodred. Good size cloud, good consistency
Yellow .19 Good yellow. Good size cloud, good consistency
Yellow .20 Good yellow. Flashing, good size, fair consistency
Yeliow .19 Good yellow. Good size cloud, good consistency
Yellow .19 High purity dye Good yellow. Good size cloud, good consistency
Yellow .19 High purity dye Good yellow. Good size cloud, good consistency
Yellow .19 High purity dye Good yellow. Good size cloud, good consistency
Yellow .19 Fair yellow. Fair size cloud, fair consistency
& SA
Yellow .19 Good yellow. Fair size cloud, fair consistency
& SA
Yellow .19 Fair yellow. Fair size cloud, fair consistency
& SA
Yellow .19 Poor yellow. Fair size cloud, poor consistency
& SA
Yellow .19 Poor yellow. Poor size cloud, poor consistency
& SA
Yellow .19 Fair yellow. Poor size cloud, poor consistency
& SA
Yellow .19 Good yellow. Good size cloud, fair consistency
& SA
Yellow .19 Fair yellow. Flashing, fair size, fair consistency
& SA
Yellow .19 Fair yellow. Flashing, good size, fairconsistency
& SA
Red .22 Cast dye Good red. Good size cloud, fair consistency

Dye pellets were pressed when dye was not cast. Pellets were 1.245" x 1", 6 each per shell, density of
1.10 g/cc.

PCN is poly chloronaphthalene.

SA is stearic acid used as binding compound for yellow dye.

B )



Round
No.

126
127
128
129
130
131
132
133

134
135

136

142

143

144
145

146
147
148
149

110
111
112

Firing

Date
12 May 64
12 May 64
12 May 64
12 May 64
12 May 64
12 May 64
12 May 64
12 May 64

12 May 64
12 May 64

12 May 64
12 May 64
12 May 64

12 Mav 64
12 May 64

12 May 64
12 May 64
12 May 64
12 May 64

12 May 64
12 May 64
12 May 64

Neight of
Round  Explosive, Ib
Type Boratol Tetryl
Impl 1.03 .06
Impl 1.05 .06
Impl 1.06 .06
Impl 1.07 .06
Impl 1.09 .06
Impl 1.07 .06
Impl 1.07 .06
Impl 1.05 .06
Impl 1.04 .06
Impl 1.03 .06
impl 1.07 .06
Impl 1.03 .06
Impl 1.03 .06
Impl 1.00 .06
Impl 1.01 .06
Impl 1.02 .06
Impl 1.04 .06
Impl 1.03 .06
Imp! 1.03 .06
Impl .82 .06
Impl 1.03 .06
Impl 1.07 .06

TABLE 1 (cont)

Round numbers 144-149 loaded with 44% Ba(NO,),, 36% TNT, 20% NaCl.

Dye pellets w

per shell.

Gl
Gl
Gl

Coolant i
Weight,
Type b Binder Type'
NaCl, 104 A3 None Red
NaCl, 10u« A7 None Red
20% NaCl in dye .09 5% stearic acid Red
20% Na’l in dye .09 5% stearic acid Red
20% NaCl in dye .08 5% stearic acid Red
20% NaCl in dye 05 5% stearic acid Yellow
20% NaCl in dye .05 5% stearic acid Yellow
20% NaCl in dye .05 5% stearic acid Yellow
NaCl, 10p 33 5% stearic acid Red
NaCl, 10ux .35 5% stearic acid Red
NaCl, 10p .34 5% stearic acid Red
NaCl, 10p .18 None Yeliow
NaCl, 10 .19 None Green
None .25 5% stearic acid Red
None .25 5% stearic acid Red
None 25 5% stearic acid Red
None .25 5% stearic acid Yellow
None .25 5% stearic acid Yellow
None .25 5% stearic acid Yellow
NaCl, 10u« 42 Glass vial Red
NaCl, 10u .35 Gl ass vial Blue
NaCl, 10u 32 Glass vial Violet
Red dye is
supplied bygn high

Round numbers 110-112 contained special fluorescent dyes mixed at General Aniline & Film Lorp.

A

used when dye was not cast or in liquid state. Pellet size was 1.25" diem x ,75" high, 8 each

Rouad num!
American D;



TABLE 1 (cont’

Binder

None

None

5% stearic acid
5% stearic acid
5% stearic acid
5% stearic acid
5% stearic acid

5% stearic acid

5% stearic acid
5% stearic acid

5% stearic acid
None
None

5% stearic acid
%% stearic acid

5% stearic acid
5% stearic acid
5% stearic acid
5% stearic acid

Glass vial
Gl ass vial
Glass vial

igh, 8 each

Dye
Weight,
Type b
Rnd 24
Red .25
Red .36
Red .36
Red 34
Yellow .28
Yellow .29
Yellow .30
Red 12
Red 11
Red A1
Yellow .22
Green .23
Red 37
Red .38
Red .38
Yellow .36
Yellow .36
Yellow .36
Red .10
Blue .09
Violet .09

Manufacturing Inform ation

Cast dye
Cast dye

Special cast dye
Special cast dye

20% NaCl added to baratol
20% NaCl added to baratol

20% NaCl added to baratol
20% NaCl added to baratol
20% NaCl added to baratol
20% NaCl added to baratol
Liquid dye

Liquid dye
Liquid dye

~— TR Ry

Test Results

Fair red. Flashing, good cloud, fair consistency

Good red. Flashing, feir cloud, fair consistency

Fair red. Flashing, fair cloud, fair consistency

Good red. Flashing, good cloud, good consistency

Good red. Flashing, good cloud, fair consistency

Fair yellow. Flashing & burning, fair size, poor con-
sistency

Poor yellow. Flashing & burning, poor size, poor
consistency

Poor yellow. Flashing & burning, poor size, poor
consistency

Good red. Flashing, good size, good consistency

Good red. Flashing & burning, fair size, good con-
sistency

Fair red. Flashing & burning, fair size, fair con-
sistency

Poor yellow. Flashin: & burning, poor size, poor
consistency

Good green. Flashing & burning, good size, good
consistency

Fair ved. Burning, {air size, fair consistency

Poor red. Flashing & burning, fair size, poor con-
sistency

Fair red. Flashing & burning, fair size, poor con-
sistency

Fair yellow. Flashing & burning, fair size, poor
consistency

Fair yellow. Flashing & burning, fair size, poor
consistency

Good yellow. Flashing & burning, fair size, poor
consistency

No color. Bluish wisp of poor size and consistency

No color. Pink wisp of ooor size and consistency
No color. Pink wisp of poor size and consistency

Red dye is 1-methylaminoanthraquinone, yellow dye is yellow No. 4 (1 part HVT yellow, 2 parts benzanthrone)
supplied by General Aniline & Film Corp.

Round numbers 142 & 143 were cast for maximum dye content.

These dyes were manufactured by North

American Dye Co. using General Aniline & Film Corp. dyes.



Round
No.

201
202
203
204
205
206
207
208
209
210
211
212
213

214

215

216

217

218

150A

151A

15ZA

Firing

Date
1 June 64
1 June 64
1 June 64
1 June 64
1 June 64
1 June 64
1 June 64
1 June 64
1 June 64
1 June 64
1 June 64
1 June 64
1 June 64

1 June 64
1 June 64
1 June 64
1 June 64
1 June 64

1 June 64

1 June 64

1 June 64

Round
Type

impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl

Impl
Impl
Iimpl
Iimpl
Impl

Impl

Iimpl

impl

Weight of
Explosive, Ib
Boaratol Tetryl
1.07 074
1.05 074
1.09 074
1.07 074
1.09 074
1.07 074
1.07 074
1.09 074
1.10 074
1.07 074
1.02 074
1.07 074
1.09 074
1.0y 074
1.09 074
1.10 074
1.09 074
1.09 074
1.05 074
1.08 .074
1.07 .074

Red dye isl-methylaminoanthraquinone of high purity and cast by General Aniline & Film Corp. in conjunction with

North American Dye Co.

The cast yellow is 1 part HVT yellow and 1 part ben zanthrone supplied by the above manufacturer.
if cast was not indicated, size: 1,25" x.75", 8 each per shell.

TABLE 1 (cont) |
Coolant D
Weight,
Type Ib Binder Type
Rock salt, 30 mesh 15 % stearic acid Yellow
Rock salt, 30 mesh 15 5% steari: acid Yellow &
Rock salt. 30 mesh .15 5% stearic acid Yellow
Rock salt, 30 mesh .16 5% stearic acid Yellow =
Rock salt, 30 mesh .16 5% stearic acid Yellow
Rock salt, 30 mesh A5 5% stearic acid Yellow
Rock salt, 30 mesh 15 5% stearic acid Red
Rock salt, 30 mesh .16 5% stearic acid Red
Rock salt, 30 mesh A5 5% stearic acid Red
Rock salt, 30 mesh A5 5% stearic acid Red
Rock salt, 30 mesh 14 5% stearic acid Red
Rock salt, 30 mesh A4 5% stearic acid Red
Rock salt cyl 27 5% stearic acid Yellow
50/50
Rock salt cyl 27 5% stearic acid Yellow
50/50
Rock salt cyl 27 5% stearic acid Yellow
50/50
Rock salt cyl 27 5% stearic acid Yellow ',
HVT
Rock salt cyl 27 5% stearic acid Yellow
HVT .
Rock salt cyl 21 5% stearic acid Yellow |
HVT
Rock salt cyl 20 5% stearic acid PSC
yellow
No. 7
Rock salt cyl 2l 5% stearic acid PSC
yellow
No. 7
Rock salt cyl 27 5% stearic acid PSC
yellow
No. 7
Salt is Sterin
Rock salt ¢
Dye was pelleted wafer 15325 |
PSC yellow
fluorescent :

HVT yellow is a vat dye (HVT, high vaporization temperature) supplied by General Anilinc & Film Corp.

A

Yellow 50/¢.



TABLE 1 (cont)

Binder

5% stearic acid
5% stearic acid
3% stearic acid
3% steanc acid
3% stearic acid
3% stearic acid
3% stearic acid
3% stearic acid
y% stearic acid
)% steanc acid
'% stearic acid
'% stearic acid
'% stearic acid

'% stearic acid
% stearic acid
% stearic acid
% stearic acid
% stearic acid

% stearic acid

% stearic acid

% stearic acid

Inction with

ve was pelleted

Dye
Weight,
Type Ib Manufacturing Information Test Results
Yellow .11 Cast dye Poor yellow. Poor size and consistency
Yellow .11 Cast dye Fair yellow. Fair size and consistency
Yellow .1l Cast dye Poor yellow. Poor size and consistency
Yellow |17 Cast dye Yellow-orange. (Good size and consistency
Yellow .20 Cast dye Red-orange. Good 4ice and consistency
Yellow .20 Cast dye Redorange. Good size and consistency
Red 21 (last dye Deep red. Good size and consistency
Red 2l (Cast dye Deep red. Good size and fair consistency
Red 21 Cast dye Good red. Good cloud, some burning
Red 21 Cast dye Pink. White & red cloud, low order
Red 21 Cast dye Good red. Good size and consistency
Red 2l Cast dye Good red. Good size and consistency
Yellow .23 Very deep yellow. (ood size and consistency
50/50
Yellow .23 Black. Wispy black smoke, high order
50/50
Yellow .23 Good yellow. Good size and consistency
50/50
Yellow .23 Poor yellow. Black & white wispy smoke, high or-
HVT der
Yellow .23 Poor yellow. Some black, wispy, high order
HVT
Yellow .23 Poor yellow. Some black, wispy, high order
HVT
PSC .18 Poor yellow. Black & white wispy smoke, high
yellow order
No. 7
PSC .18 Yellow-orange. Some black, wispy, high order
yellow
No. 7
PSC .18 Yellow-orange. Some black, wispy, high order
yellow
No. 7

Salt is Sterling Retsof FCA rock salt, granulated through No. 30 mesh screen or as indicated by *‘cyl.”
Rock salt cylinders were pressed 1,325" OD x 999" ID x .80" high, 8 each per shell and 1 each salt
wafer 1,325" OD x 125" high.

PSC yellow No. 7 is a fluorescein dye. Result of detonation gave no indication of the presence of
fluorescent smoke.

Yellow 50/50 is same composition as the cast yellow but in the form of pellets.

14



Round

No.

144A
145A

146A
147A
148A
149A

156A
219
220
221
157A
158A
222

223

224

241
242
243
244
245

Firing
Dote

| June 64
| June 64

1 June 64
| June 64
| Juie 64
1 June 64

! June 64
2 June 64
2 June 64
2 June 64
2 June 64
2 June 64
2 June 64

2 June 64
2 June 64

2 June 64
2 June 64
2 June 64
2 June 64
2 June 64

Round
Type

impl
Impl

Impl
Impl
Impl
Impl

Impl
Impl
Impl
Impl
Impl
Impl
Impl

Impl
Impl

Impl
Impl
Imp!
Impl
Impl

Weight of
Explosive, Ib

Red is 1-methylaminoanthraquinone pressed into pellets at Picatinny Arsenal.

Aniline & Film Corp.
Salt is Sterling Retsof FCA rock salt pressed into salt cylinders at Picatinny Arsenal.

Alizarin yellow-P was pressed into pellets at Picatinny Arsenal.

Pyrotechnics Laboratory chemists.

Baratol  Tetryl

1.04 074
1.05 074
1.09 074
1.09 074
1.07 074
1.08 074
1.07 074
1.08 074
1.08 074
1.08 074
1.06 074
1.06 074
1.08 074
1.09 074
1.08 N7
1.90 074
1.89 074
1.88 .074
1.86 074
1.84 074

15

TABLE 1 (cont)

Dye
Weight,
Type Ib Binder Type
Rock salt eyl R stearic acid  Sudan orange "
Rock salt cyl 27 stearic acid  Sudan oronge *
Rock salt ¢yl 27 57 stearic acid  Sudan orange !
Rock salt eyl =7 5% stearic vcid  P-alizarin yvlloI
Hock salt cyl =l 5% stearic acid  P-alizarin yello
Rock salt ¢yl &7 5% stearic acid  P-alizarin yello
Rock salt ¢yl 2 5% stearic acid  P-quinoline yell
Rock salt ¢yl 27 5% stearic acid  Red
Rock sah cyl -l 5% stearic acid  Red
Rock salt ¢yl o 5% stearic acid  Red
Rock salt cyl 27 5% stearic acid  P-quinoline yell
Rock salt ¢yl Bl 5% stearic acid  P-quinoline yell
Rock salt cyl 21 3% stearic acid Mixed R& Y
pellets
Rock salt cyl 27 5% stearic acid Mixed R & Y
pellets
Rock salt cyl 27 ¢ stearic acid Mixed R & Y
pellets
Rock salt ¢yl .39 stearic acid Red
Rock salt cyl .39 5% stearic acid Red
Rock salt cyl .39 5% stearic acid Red
Rock salt cyl 39 5% stearic acid Red
Rock salt cyl .39 5% stearic acid  Yellow

Dye supplied by Gereral

Dye supplied by Picatinny Arsenal

Yellow is 1 part

supplied by Genei |

Quinoline yellow {

technics Laborat.

Sudan orange “R"



TABLE 1 (cont)

Dye
Weight,
Binder Type Ib
5% stearic acid  Sudon orange "R Ay
5% stearic acid  Sudan orange “R* S
5% stearic acid  Sudan orange "’ .22
5'¢ stearic acid  P-alizarin yellow .20
5% stearic acid  P-alizarin yellow .20
5% stearic acid  P-a'izarin yellow .20
5% stearic acid  P-quinoline yellow 16
5% stearic arid  Red )
5% stearic acid  Red .23
5% stearic acid  Red 23
5% stearic acid  P-quinoliae yellow .16
5% stearic acid  P-quinoline yellow 16
5% stearic acid Mixed R& Y 23
pellets
5% stearic acid Mixed R & Y .23
pellets
5% stearic acid Mixed R& Y .23
pellets
5% stearic acid Red .35
5% stearic acid Red .35
5% stearic acid Red .35
5% stearic acid Red .35
5% stearic acid Yellow .35
rral

Monufacturing Information

Good orange.

(Good orange.

order

Good orange.
Poor yellow.
Poor yellow.
Poor yellow.

pation

Test Results

Good size, good consistency

Fair cloud, fair consistency, high

Good size, good consistency
Poor cloud, fast dissipation
Poor cloud, fast dissipation
Poor cloud, wispy, fast dissi-

Greenish yellow. Fair cloud, fair consistency

Good red. Good cloud, rapid dissipation

Fair red. Blk ctr, fast dissipation

Good red. Good cloud, good consistency

Greenish yellow. Small cloud, fair consistency
Greenish yellow. Small cloud, fair consistency

Red orange. Small cloud, poor consistency

Orange. Fast dissipation

Red orange. Yellow & red separation in cloud

Good red. Blk ctr, good cloud

Good red. Good cloud, fast dissipation
Pinkish red. Blk ctr, wispy cloud
Light red. Blk ctr, fast dissipation

Ge od yellow.

Goud cloud, blk ctr

Yellow is 1 part HVT yellow and 1 part benzanthrone yellow, pressed into pellets at Picatinny Arreral. Dye

supplied by General Aniline & Film Corp.

Quinoline yellowP was pressed into pellets at Picatinny Arsenal. Dye supplied by Picatinny Arsenal Pyro-

technics Laboratory chemists.

Sudan orange 'R'* supplied by General Aniline & Film Corp., pellets pressed at Picatinny Arsenal.




Round
No.

246
247
248
153A
154A

155A
225

226

228

229

234

235

236

237

238
IF
239

240

Firing
Date

2 June 64

2 June 64

2 June 64

11 June 64
11 June 64
11 June 64
11 June 64
11 June 64
11 June 64
11 June 64
11 June 64
11 June 64
11 June 64
11 June 64
11 June 64
11 June 64

11 June 64
11 June 64
11 June 64

11 June 64

Round
Type

Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl
Impl

Impl

Weight of
Explosive, Ib
Boratol  Tetryl
1.89 074
1.85 074
1.86 074
1.09 .094
1.05 .094
1.07 094
1.10 .094
1.09 .094
1.09 .094
1.09 .094
1.09 .094
1.09 .094
1.08 .094
1.09 .094
1.09 .094
1.10 .094
1.07 .094
1.09 .094
1.09 .094
1.10 .094

lied dye is 1-methylaminoanthraquinone pressed into pellets at Picatinny Arsenal.

General Aniline & Film Corp.

TABLE 1 (cont)

Coolant Dys
Weight, 1
Type Ib Binder Type

Rock sali cyl 39 % stearic acid Yellow

Rock salt cyl .39 5% stearic acid Yellow

Rock salt cyl .39 5% stearic acid Yellow

Rock salt cyl .28 5% stearic acid Yellow

Rock salt cyl .28 5% stearic ac id Yellow

Rock salt cyl .28 % stearic acid Yellow

Rock salt cyl .28 5% stearic acid Yellow

Rock salt cyl .28 % stearic acid Yellow

Rock salt cyl .28 5% stearic acid Red

Rock salt cyl .28 5% stearic acid Red

Rock salt cyl .28 5% stearic acid Red

Rock salt cyl .28 5% stearic acid Red h

Rock salt cyl .28 % stearic acid Yellow

Rock salt cyl .28 5% stearic acid Yellow

Rock salt cyl .28 5% stearic acid Yellow
{

Rock salt cyl .28 5% stearic acid Red

Rock salt cyl .28 5% stearic acid Red

Rock salt cyl .28 5% stearic acid Red

Rock salt ¢yl .28 5% stearic acid Yellow

Rock salt cyl .28 5% stearic acid Yellow

Salt was Sterling Retsof FCA rock salt pressed into salt cylinders at Picatinny Arsenal.

A

The dye was supplied by

Yellow is i 8
dye was s

Unless otk



TABLE 1 (cont)

Dye
Weight,

Binder Type Ib
5% stearic acid Yellow .35
5% stearic acid Yellow .35
5% stearic acid Yellow .35
5% stearic acid Yellow .18
5% stearic acid Yellow .18
5% stearic acid Yellow .18
5% stearic acid Yellow .23
5% stearic acid Yellow .23
5% stearic acid Red .18
5% stearic acid Red .18
5% stearic uacid Red .18
5% stearic acid Red .24
5% stearic acid Yellow .19
5% stearic acid Yellow .16
5% stearic acid Yellow .19
5% stearic acid Red 2l
5% stearic acid Red 21
5% stearic acid Red 21
5% stearic acii Yellow .17
5% stearic acid Yellow .17

ipplied by

Manufacturing Information

Dye loading density of 1.27
g/cc

Dye loading density of 1.27
g/cc

Dye loading density of 1.27
g/cc

Dye loading density of 1.15
g/ cc

Dye loading density of 1.15
g/cc

Dye loading density of 1.15
g/cc

Dye loading density of 1.20
g/cc

Dye loading density of 1.20
g/cc

Dye loading density of 1.20
g/cc

Dye loading density of 1.15
g/cc

Dye loading density of 1.15
g/cc

Test Results

Very good yellow. Intense cloud, good size

Good yellow. Good cloud, good consistency

Good yellow. Good cloud, good consistency

Good yellow. Intense cloud, good size

Good yellow. Intense cloud, good size

Good yellow. Intense cloud, good size

Good yellow. Good size cloud, good consistency,
som: blk

Good yellow. Fair size cloud, good consistency,
some blk

Pinkish red. Good cloud, good consistency, off
color

Pinkish red. Good cloud, good consistency, off
color

Pinkish red. Good cloud, good consistency, off
color

Pinkish red. Poor cloud, poor consistency, off
color

Good yellow. Fair cloud, good consistency
Good yellow, Good cloud, good consistency
Gnod yellow. Good cloud, good consistency

Red-orange. Good cloud, good consistency, off
color

Red-orange. Fair cloud, good consistency, off
color, some blk

Pinkish-red. Very good cloud, intense, off color

Good yellow. Good cloud, good consistency

Greenish yellow. Good cloud, fair consistency,
some blk, off color

Yellow is 1 part HVT yellow and 1 part benzanthrone yellow, pressed into pellets at Picatinny Arsenal. The
dye was supplied by General Aniline & Film Corp.

Unless otherwise noted, dye loading density was 1,05 g/cc.

T N
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TABLE 1 (cont)

Weight of Coolant Dye.

Round Firing Round  Explosive, Ib Weight, W
No. Date Type Baratol Tetryl Type Ib Binder Type

2P 11 June 64 Impl 1.09 .094  Rock salt cyl .28 5% stearic acid Yellow
3P 11 June 64 impl 1.09 .094 Rock salt cyl .28 5% stearic acid Red .
4P 11 June 64 Impl 1.08 .094 Rock salt cyl .28 5% stearic acid Red .
s5p 11 June 64 Impl 1.09 .094 Rock salt cyl .28 5% stearic acid Red .
6P 11 June 64 Impl 1.09 .074  Rock salt cyl .28 5% stearic acid Yellow ,
P 11 June 64 Impl 1.09 .074 Rock salu cyl .28 5% stearic acid Yellow ,
8P 11 June 64 Impl 1.09 .074 Rock salt cyl .28 5% stearic acid Yellow
249 11 June 64 Expl 44 .074  Hock salt 27 None Red !
250 11 June 64 Expl 44 .074  Rock salt 20 None Red S
251 11 June 64 Expl .44 .074  Rock salt 27 None Red X
$-5 18 June 64 Expl .93 .032 Rock salt 10 ¢ 3, .18 None Red N
159 18 June 64 Impl 1.07 .074  Rock salt 10 ¢ 3u cyl .25 2.5% stearic acid Hed h
232 18 June 64 Impl 1.07 .074 Rock salt as received from mfr .27 5% stearic acid Red .5
160 18 June 64 Impl 1.05 .074 Rock salt 10 ¢+ 3u cyl .25 2.5% stearic acid Red .4
233 18 June 64 Impl 1.06 .074 Rock salt as received frommfr .27 5% stearic acid Red .2
227 18 June 64 Impl 1.07 .074 Rock salt 10 ¢+ 3u cyl .25 2.5% stearic acid Red 2
IPR 25 June 64 Expl Note 1 None - None Red .6
3PR 25 June 64 Expl Note 1 NaCl, 10 + 3y .01 None Red 6
4PR 25 June 64 Expl Note 1 NaCl, 10 + 34 .01 None Red a
9PR 25 June 64 Expl Note 1 NaCl, 10 ¢ 34 01 None Red ¥
10PR 25 June 64 Expl Note 1 NaCl, 10 + 3u .01 None Red iy {
10 25 June 64 Impl 1.09 .074 NaCl cyl 25 5% stearic acid Yellow X
12 25 June 64 Impl 1.09 .074 NaCl cyl 125 5% stearic acid Yellow .2
13 25 June 64 Impl 1.09 .074  NaCl cyl 425 5% stearic acid Yellow . &
Note 1. Photoflash burster tubes. Red dye is 1o

Yellow is 1 part HVT yellow and 1 part benzanthrone yellow, pressed into pellets at Picatinny Arsenal. Dye was GEIstel linilh

- supplied by General Aniline & Film Corp. Salt (NaCl) we

pressed into 8

The photoflash bursters for the explosion type rounds were made of 60% potassium chlorate and 40% aluminum.

A
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TABLE 1 (cont)

Dye
Weight,
dinder Type Ib Monufacturing Information Test Results
% stearic acid Yellow |17 Dye loading density of Greenish-yellow. Fair cloud, poor consistency, off
1.15g/cc color
% stearic acid Red .19 Red-orange. Good cloud, good consistency, off color
% stearic acid Red 19 Pinkish red. Good cloud, fair consistency, off color
% stearic acid Red 19 Intense-pinkish red. Good cloud, very good consistency,
off color
% stearic acid Yellow .18 Dye loading density of Good yellow. Low cloud, some blk, not intense
1.15 g/cc
% stearic acid Yellow .18 Dye loading density of Good yellow. Good cloud, intense yellow
1.15g/cc
% stearic acid Yellow .18 Dye loading density of Good yellow. Good cloud, intense yellow
1.15g/cc
lone Red .58 Pinkish-red. Fair cloud, some blk, good consistency
lone Red .58 Pinkish-red. Good cloud, good consistency
lone Red .58 Pinkish-red. Good cloud, poor consistency
lone Red NA Cast dye Good red. Good cloud size, fair consistency
.5% stearic acid Red 21 Deep red. Good cloud size, guod consistency
% stearic acid Red 21 Good red. Good cloud, deep center consistency
.5% stearic acid Red 21 Good red. Good cloud, good consistency
% stearic acid Red 21 Good red. Good cloud, fair consistency
.5% stearic acid Red 21 Excellent red. Good cloud, very good consistency
lone Red .69 Cast dye White with red. Good cloud size, burning, almost com-
pletely white
ione Red .69 Cast dye White with red. Good cloud size, buming, almost com-
pletely white
lone Red .70 Cast dye White with red. Good cloud size, burning, almost com-
pletely white
lone Red .70 Cast dye White with red. Good cloud size, burning, almost com-
pletely white
lone Red .70 Cast dye White with red. Good cloud size, burning, almost com-
pletely white
% stearic acid Yellow .205 75/25 HVT/benzanthrone  Excellent yellow. Good cloud size, intense color

% stearic acid Yellow .205  75/25 HVT/benzanthrone Good yellow. Good cloud size, good color intensity
high purity

% stearic acid Yellow .206  50/50 low/high purity Fair yellow. Good cloud size, fair color intensity
benzanthrone

Red dye is )-methylaminoanthraquinone pressed into pellets at Picutinny Arsenal. Dye was supplied by

1. Dye was General Aniline & Film Corp.

Salt (NaCl) was commercial lyB e available in groccry stores. Rock salt was Sterling Retsof FCA rock salt

T o pressed into salt cylinders at Picatinny Arsenal
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Note 1. Fuzed boric acid and fluorescein.

Note 2. Unfuzed boric acid and fluorescein.

Dyes were pelleted whenever feasible.
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TABLE 1 (cont)

Coolont
Weight, Q‘{
Tvype Ib Binder Type
Standard configuration, acceptance tests of lot 48-3
Standard configuration, acceptance testsof lot 49-2
Standard configuration, acceptance tests of lot 48-2
Standard configuration, acceptance tests of lot 48-2
Salt slurry with dye NA Yellow
Salt slurry with dye NA Yellow
Salt slurry with dye .24 Red
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